(Received for publication November 26, 1930) In the investigation of various problems of calcium and phosphorus metabolism, it has been found that great changes in the volume and direction of the calcium and phosphorus stream may occur without any notable difference in the serum levels of these elements. In hyperthyroidism the calcium excretion in the urine is relatively huge and there are large negative balances of calcium and phosphorus, yet the serum calcium and serum phosphorus' remain within normal limits (1) . Moreover, there is no appreciable change in the serum levels of healthy people when, by changing the calcium intake, a positive balance is shifted to a negative one or vice versa.
Yet the actual and relative amounts of calcium and phosphorus in the serum is of the utmost importance in certain abnormal conditions. MacCallum and Voegtlin (2) described the low blood and tissue calcium associated with tetany after removal of the parathyroids.
Greenwald (3) later demonstrated the associated rise in serum phosphorus and since that time the high phosphorus, low calcium of the serum in many types of tetany has come to be recognized. Marriot and Howland (4) , DeWesselow (5) and others have found a similar relationship of the serum values in terminal nephritis. On injection of large amounts of inorganic phosphate into dogs Binger (6) produced tetany with a low serum calcium and high serum phosphorus. Similar results have been found to follow injection or ingestion of very large quantities of phosphate by numerous investigators (7, 8, 9) . The feeding of much smaller amounts of phosphate to rachitic rats has been found to produce tetany with the typical blood changes by Karelitz and Shohl (10) . That in rachitic animals even the high phosphorus metabolism of fasting may have similar effects has been shown by Cavins, (11) , Wilder, (12) , and Shohl and Brown (13) . The ingestion of sodium oxalate in dogs was found to result in a low blood calcium, high phosphorus, and tetany (14) .
In states of hyperparathyroidism, on the other hand, a high serum calcium is well known to be associated with a low serum phosphorus. This has been discussed in other papers (15, 16) .
It is quite clear, therefore, that gross changes in the serum phosphorus value in many conditions are associated with equally marked variation of the serum calcium in the opposite direction. That the level of serum calcium is also affected by the protein content of the serum was shown by Salvesen and Linder (17) . Hastings (20) found that an increase of from 1.5 to (24) method. The latter method has proven most satisfactory under all conditions. Determinations were done in duplicate, usually with identical results, the variation seldom being greater than 2 per cent.
In all cases, blood was first taken during fasting and then at varying intervals after different types of meals or after ingestion of calcium salts or phosphates.
EXPERIMENTS AND RESULTS

The level duringfasting
It was important to find whether the basal fasting level would be appreciably affected by changes in type of diet or by ingestion of excess acid,. alkali, or phosphate as well as to note any temporary change occurring immediately after such ingestion. Also, it was interesting to observe the relative constancy of the. fasting levels of the serum calcium and phosphorus over comparatively long periods. In table 1 are presented data for such observations on two healthy individuals. In subject D. M. T. a smaller number of determinations showed a slightly greater variation in the calcium and smaller variation in the phosphorus level.
That ingestion of large amounts of inorganic phosphate in patients on a low calciun diet produced no appreciable effect on the fasting serum calcium and phosphorus levels has been mentioned in another paper (25) . After several weeks on a low calcium diet, also, as described elsewhere (26) , ingestion of large amounts of NH,Cl was associated with slightly decreased levels for calcium and phosphorus in some cases, and ingestion of NaHCO3 with increased levels for serum calcium. In all experiments, however, on ingestion of acid or alkali on high or low calcium diets, the total range of variation of many determinations for any given individual was never greater than 1 mgm. calcium except in one instance. In patient D. A. (Case IT, period XV), described elsewhere (26) , the ingestion of large amounts of NH4Cl after the subject had been on a low calcium diet for several weeks, resulted in a fall of slightly more than 1 mgm. in serum calcium.
Absolute rest and mild exercise
In one instance, it was found that there was a definite slight increase in serum calcium and protein and fall in serum phosphorus in blood taken from a fasting, healthy subject after lying at complete rest for one and one-quarter hours. This was repeated in a number of healthy individuals; but no material change in levels of calcium or phosphorus was found, although the serum protein did change considerably. The results are presented in table 2. The effects of ingestion of large amounts of carbohydrate immediately after the administration of a large dose of insulin in three normal subjects are shown by data collected in table 5. The results, in so far as the serum calcium and phosphorus levels are concerned, were essentially the same for ingestion of carbohydrate alone as when it followed the administration of insulin. In the latter cases, however, the blood sugar fell to reaction levels. In all subjects there was an early fall in serum phosphorus levels, averaging in eleven instances 0.8 mgm. and varying from slightly less than 0.5 mgm. to slightly more than 1.0 mgm. The initial height of the serum phosphorus seemed to have no influence on the magnitude of the change, nor did there seem to be any definite relation between the extent of the decrease in serum phosphorus and the change in the blood sugar level. When the phosphorus fell there was some tendency for the serum calcium to rise but this was by no means constant nor did the increase in serum calcium vary directly with the extent of decrease in serum phosphorus. With a maximum fall of about 1 mgm. in serum phosphorus the serum calcium remained essentially constant in R. F. F., February 2; D. M. T., March 5; E. R., March 5; and in DS (acromegaly). In the case B. W. (tetany), when the phosphorus fell from 7.5 to 6.5 the calcium remained essentially constant until the last determination, when, without further appreciable change in serum phosphorus it fell from 4.7 to 4.2. On the other hand, in R. F. F., June 26, the serum calcium rose from 9.6 to 10.4 mgm., while the phosphorus fell from 3.2 to 2.1. In eight hours, however, when the serum calcium had returned to 9.7 the serum phosphorus had risen to 4.2, 1 mgm. higher than the fasting level. In D. M. T., June 27, when the serum phosphorus was decreased by 0.8 mgm. the calcium rose from 9.2 to 9.6, reaching 9.8 one and one-half hours later when phosphorus had returned nearly to normal. In the case of hypertrichosis, the maximum rise in calcium was 0.9 mgm. and maximum fall in phosphorus 0.4 mgm. The serum calcium was essentially unchanged in at least six of the eleven cases, and only in three cases was there a variation of 0.5 mgm. or more, the greatest increase above fasting level being 1 mgm. in R. F. F. after carbohydrate and insulin. In the cases in which serum protein was determined there seemed to be no constant relation between the temporary variations in protein and those of calcium.
Thus, our results are in agreement with the well established fact that the ingestion of large amounts of carbohydrate with or without administration of insulin is constantly followed by a definite fall in serum phosphorus. They show on the whole little associated change in serum calcium, the magnitude of which was no greater than that found to occur on ordinary diet or after ingestion of other types of food RAY F. FARQUHIARSON AND DOROTHY M. TIBBETTS as described below. Similar values for serum calcium in dogs, after administration of insulin, were obtained by Briggs, Koechig, Doisy and Weber (30) . Brougher, however, reported tremendous changes in blood calcium of rabbits (rising even to more than 20 mgm.) following injection of insulin (31) . Davies, Dickens, and Dodds (32) found increases of from 2 to 4 mgm. in serum calcium of rabbits in hypoglycemic convulsions. Recently, Ellsworth (33) has reported increases in serum calcium in man similar to those that occurred in some of our cases. The maximum change in calcium did not occur always in those cases with the greatest fall in phosphorus, nor was the reciprocal inverse relationship persistent in the last determinations of a given experiment. Yet in his cases there was a more constant rise in serum calcium than in ours.
Itgestion of large amounts of protein and fat Data showing the effect of ingestion of large amounts of protein and fat are presented in table 6. When 127 grams of fat were taken, much of it in the form of cream, there followed an increase of calcium from 9.6 to 10.8 mgm. and a fall in phosphorus from 3.9 to 3.2 mgm. A week later the effect of 100 grams of olive oil was observed; the serum phosphorus remained constant but serum calcium increased by 0.9 mgm. in 4 hours. Similar experiments on ingestion of large amounts of protein, when the subject took 200 grams of protein daily for several days, showed in one instance a distinct rise in calcium from fasting value of 9.6 mgm. to 11.4 mgm. a few hours after breakfast, associated with a slight increase in serum phosphorus, but no material difference in serum protein. In this instance NaHCO3 was added to neutralize the acid effect of ingested protein. When the experiment was subsequently repeated, leaving out the NaHCO3, the serum calcium remained stationary and serum phosphorus rose slightly. On each occasion the subject was carrying on with his ordinary work.
Data showing the effect of ingestion of single doses of phosphate and of calcium lactate are presented in table 7. The phosphate caused purgation, which persisted for several hours. The serum phosphorus, however, rose from 3.5 to 5.0 mgm., without an appreciable change in the serum calcium level. A similar rise in serum phosphorus after ingestion of large amounts of phosphate without any associated change in the serum calcium level has been described by Schulz (34) . The ingestion of calcium lactate was followed by an increase in serum 
COMMENT
It is seen that there may be greater changes in the serum calcium and phosphorus within a few hours after meals of ordinary foodstuffs than occur in the fasting levels over periods of many months. The fasting serum calcium, however, and to a lesser extent the serum phosphorus, remains remarkably constant in spite of great changes in diet and in the intake of calcium and phosphate.
Although the inverse relationship between the levels of calcium and phosphorus of the serum seems to hold in some instances during temporary fluctuations, it is quite clear that in many cases the calcium was constant while the phosphorus level changed, in others the phosphorus remained constant during changes in calcium, and in some instances both rose or fell together. Concomitant variation in the serum protein was not great enough to overshadow a specific effect of variation in phosphorus on the calcium level or vice versa, nor were temporary fluctuations in protein always paralleled by corresponding changes in serum calcium when the serum phosphorus remained constant. These observations do not affect the truth of the statement that the serum calcium level varies directly with the protein content and inversely with the concentration of inorganic phosphorus; for the changes described occurred during periods of flux, were of short duration and did not represent equilibrium values. Their magnitude, moreover was much less than that of corresponding changes in terminal nephritis, in cases with very low serum protein, and in tetany. It is possible, however, that they represent influences of other factors that are difficult of control, factors that might affect the level of either serum calcium or serum phosphorus independently.
SUMMARY
Fasting values for serum calcium and phosphorus of healthy individuals show only slight variations over long periods, whereas greater changes may occur within a few hours after ingestion of ordinary foodstuffs. It is interesting how small are the variations.
In such temporary fluctuations the serum calcium does not always vary inversely with the serum inorganic phosphorus, although there is some tendency for it to do so.
Temporary changes in serum protein are not always associated with corresponding variations in the serum calcium.
Ingestion of large amounts of carbohydrate or carbohydrate after administration of insulin is constantly followed by a fall in the serum inorganic phosphorus and sometimes but not always by a slight increase in serum calcium.
The magnitude of the diurnal variations in the serum calcium and phosphorus was small when compared with the great changes found in states of tetany and terminal nephritis. 
